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Abstract of JP1 11 10794 
PROBLEM TO BE SOLVED: To provide a lens 
driving device, with which the number of 
apertures on an objective lens can be increased, 
spherical aberration can be suppressed and 
further focus servo can be stably performed at 
much higher speed. 

SOLUTION: The lens driving device is composed 
of a biaxial actuator 5 provided with a movable 
part freely movable in the direction of an optical 
axis and orthogonally with that optical axis, voice 
coil motor 11 provided with a movable part freely 
movable in the optical axis direction, source ball 
lens 3, to which light from a light source is made 
incident, and destination ball lens 4, to which light 
converged by the source ball lens is made 
incident. In this case, the voice coil motor 1 1 is 
attached to the movable part of the biaxial 
actuator 5, the source ball lens 3 is attached to 
the movable part of the voice coil motor 1 1 , and 
the destination ball lens 4 is attached to the 
movable part of the biaxial actuator 5. 
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C2) 

1 

c nmm 1 3 ftmfr 6 ©#* %&tBsm#<Dmqu» 
r. 

-r **isicc*»aaE<cBnftaj*«ii.fcju i ©&»#& 

4. 

±IBSI 1 ©fESft^lS© dJ«)SI5(C|X <3 ttW 6 ft. ±ia#® 

sg»#ia4. 

±iBIS2©l!gil&#I8©^f&^ltSX9ttW6ft. ±IB*i® 
A> <=> oyfrifitMlr z m l © u > X4 . 
±iai& i ©iB«b#f3©*JSb§i»tEX o «w 6 ft. ±ta?8 i 
© u >xtc <t o -cm* $ ftfc*# xmt z m 2 © u > x 

i. 

fcffijL-SU^Xggfiigg. 

[IS33f2 3 ±IBIfn©U>X;£7fctt;£rS]&CAZ 1 /d 
Wi£16i*-tf-54 46K: t ±iB3&2©U>X«r#*l;£|8)K: 
AZ./cW&ift^-tt/cti*©. m©U>XRD>lS2CD 
U > Xtc J; o T S tifc^*l£tMB©8tt* A Z 

AZ= (AZ, + a • AZ,) / ( 1 + a) 
±I2I& 1 OlBtt*a©nnB)8l£RC;a*nnft»«:«l 
6ft;fcSW©SSni , 4 . ±1318 2 ©gglb#f3© oJI&SB 

so'^tgoJiftsiKtax o #w e>ft fc§M*©ssm, 4 ©it 

i lets© u >xigfij^g. 
&±T$*^ft^ft3*tt3:J#gi5Wcj: o-tsm^ftfcpj 

«>ga?r*llll^(S]tClE«()-r€>^'f ^3-f;W-»W 
±E«JW»RCf Stt^HWBCCffi 0 tf W P>ftfcg|5tt©#«i 

#iajtcfc» ^i£*i»jas©±iS£3:f#-r*?$i4 
tr zn&m 1 ibis© u^xfgg&gg. 

[183814 3 «£. 

±iau>X!§gsij#&tcj;-?-ciils&;*ft& u>xk «t ->r 

^ie»i«(*©fS#ieiiiffii:tc^^$ tifc^c^^fBiS 

±ib u>xigitij#e«. 

4. 

±iBS& 1 ©SBto#©©"SIS6Sl5«:lX 0 (fW 6 ft. ±f BtIcS® 

^^©^©^^tc^ttaiE^^iKisp^ii^fc^ 2 © 



1 1 - 1 1 0 7 9 4 

2 

±IB?S2©iEtt^&©pIttSRCCfR9ttW<=>n. ±BB36« 
*>6©3t^AS*-rS^l©U>X4, 
±iBUI 1 ©ISi*#©©W«)gptcS{ o ttw h ft. ±iB!S 1 

© u > x&c i xmyt <? ft toe** Ati-r s * 2 © u > x 

(I§3fc315 3 ±IBMl©P>X^?ttt^lSjW:AZ l /(: 
W#tt;*i±£4 4&.CC. ±IB^2©U>X^7fell6*|S]tC 
AZ^c^^iftS-lf/ct*©. ffl l©U>X&t>'S&2© 
U > XtC <£ r $ ft !t*OJ*J^tlll©8P«W A Z 

AZ = (AZ, + a- AZ,)/(l + a) 
±E» 1 ©igtt^a© pIIWBR VStt^IBIiWtcW «3 

ft fcspw©«fim , i . ±ta?g 2 ©iBsti^ia©^j«)a5 

Ri>'^^nJtiia5(Cffi *) ttW fcft/cSBWOSSm, 4 ©tb 
*^4iB«©36^f K. 

[ smm 6 3 ±13* 2 ©Ig«j#l9:tt . * W^r^i ^fc » 
S±TTB*»*n-etiWtt3t*#»tt«:± or^SftfcpJ 

lijgp * tc|g«&-r 4 # X 3 A f 6 % 

0. 

±fe^j«bSBRD f ^ig^itbsi5^ax o «w htitcmt<D%M 
^fe^iaijgu©±ffi ; &3?:}#-r^««tt 

i ©^tt^[6](C feW h if^jfiflS 4 5 ft r t > -5 C t ZftW. 
4T4l««fll4IBtt©**^?' F. 

[0 00 1 3 

U>X|glt)^g. MWC-e©j:^)UU>X.|gi!j^a ; S:(i 
[0 00 23 

[g£*©i£fl53 ««fll^E»«M*i 1/-C. F 
^ffl^tfBiSS^tf ^. jtf <x?^SHf 
3?©ia* jfc^tEMWt**** 4. c ©i ^ £*¥IBttftKft 
©tS$RIBi^S ; &±W'2>^li. Tt^i; K©S=t©IU>X 
©^□85tNA%A#<-r-5C<t*iW5*-e*S. *t®iu> 
X©ggn?f[NA^t<-r4C<ttcJ;i3. *^fB^f* 
©«#Ba»ffl±«:JB36Sn4*tr-A©XiP7 

[0 00 3 3 iC5t. SE*©5t^v F«. 
©**3t*E»«(*©«^IB»ffl±K«3fe-r ifc«>©» 

^u>x*i — 3©u>x/c^e>»s£3ft-ci,^. -r^ 
S!*©*^* F(cfec>-r. >rt^u>x«. c^ft 

(5> S *5 U >X i 3 ftr t 

[00043 cwct^^c^'v.^ Fr. *M$ju>x©pg 

DSNA^*< U«fc^xb-ri.4. *5U>XCC^W: 

so e>. ^EEu>x©s»f^ , 7-*^:*< -r^'cii, aiftsa 



C3) 

3 

«rBBI±Ott«»«)**««:fl|ftA< ff 5 

*©HIP»NA«:A*< liHOtt), 0. 6 

NA©4*ICjtWrft. l/c^ot *M»U>X<DBBP 
SfcNA£tiftn3't*ft<t, iirt-ilvX<D&?*&M<DVt'& 

P?fcNA£tgJJtJ3t!*ft£, *if-#9XOW*fllBCJC*t 

■r aiBRWRitKjK u < a o . %¥e«^<DWft**B 

[0006] eocfc ^ <cfie*a>**-^ * F©WHMi*JB 
SfcTft**^* F<hL"C H7tc^r<fc^CC, 20 
X£2ft<DU>Xl 0 1 , 10 2t»fiSlfc*¥^yK 

**£*s*i*ci>fto 

[000 7] COyt^y Frtt, *M3JU>X£, *® 
^6<D*t'-A#AS*Tftl?tl <9U>X1 Oli, SI 
©U>Xl 0 1 6cj:^r«*Stifc36^-Aa&«AI*-f ft 
SI2<DU>Xl OZ&fe&flMtTft. *UT, 
CMfctr-A*. ^1(DI/>X1 0 nc<fcoT»36Ufc 
f£, S^C02(DW>X1 0 2&Cj:^T*3tl>/ci:'C\ 3£ 
^IB»«Et*CCMI**rft. tt*J, CCDi^CCS 1<7)U>X 

1 0 1SO'^2cdu>X1 0 2tcJ:oT*tf-A4SI36 30 

uxa^K«a#eci8w«-ftBS», 2 i*t 

0 1SI>'»2(DI/>X1 0 2£*£8&3't*ft t £CC<£r), 

©U>X1 0 2£*£tt3ttftC<bfc:j:9, y*-**? 

[000 8] C©J:5tt#*^* F-Ctt. JB1<DU>X 

1 0 1*»2(DU>X1 0 2©«8(©JBifr'< , 7--* s 'h3 
<Tfc, cn6OU>Xl0 1, 10 2tl^bt/c 40 
2§¥U->X<2:UTte, Hn»NAt**<T4Ct*st 
tft. CtiKJ;^ »U>X4#IU>Xa/c7t? 
^7FTOBl^9/c 0. 6*ffl*ftJ:5ftBOKN 

a * mm r ft c t & *j t a ft . 

[000 9]*/c, C<Z^fc3fc2«U>X*ffll»fc:*^ 
^^Fr«, ±j£b/c<£5te2fAT*^x--*£fflC> 

CCDJ:^^2lAT^^^x-^?:fflC>ft/cCtr^<, IS 
2<DU>X1 0 2 CC#^X:3>f;t^-* £8X9^^*5 
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4 

0 2*3t*ill*lSltc»«j3-ttftC4tcj:0. E£ffiiRM£#P 
x.ftC£#T£ft 0 

[0010] -f&fc>*>> S1U>X10 \ RUm2(DU 
>X1 0 2^6ttft2SfU>X±ft*2ttr^^^.x- 

XI 0 2*36tt*l«iec»«i3-liftCiCcj:0. »ffiJR* 
*<6*TftC±*«-C*ft. 

[0011] -Ttttofe. »«U>X42»U>Xilfc 
)E?A. 7 Ft(t ®2(DU>X 1 0 2CC#-f^ra >fjl/^e 

-££H*9fmr, ifn<7>u>xi o l <tm2cDu>x 

1 0 2i08ESi*UISS^#ft^ j 5Cc-rftci«:J:*3. *f 
Jgj W > XcD §SP$fc NA*A^<*Tfti ^® iRM^if A O 

xL,£*?t^*> wa*ws*-r ft c tas-c* ft o 

[0012] 

[«W#JH^LJ:5<fc*ftSMI] iC5t, i£SiKM£ 
JT%?frTfc«>K:, »2Ol/>X102*»lOl/>Xl 

#®£ffitt*«ofc*t>«:. *^B2»«ft«:3*rfiiTftW2 
cdu>x i o 2 ^^ j e->o«3H** 
ie<-rft^B*«*ft. #-fx:a>rju*-*<z>« 

«*«r«<rftCitt, tttta»*^»TftC 
itc<fc0^nIfiB-C*ft. l/*>Utc^6. — JRCCtttti* 

M»«J:o-c»Stt»»o«Stt*»bLr, ?*-*x 
if--#*j^SS«:tt^ru*5JBn***ft. 

[0013] J/c, 7*-#*1f-#©KStt*«o/c 
»20U>X1 0 2CCffi9ttW£n/c5j<>fX:3 

A*«*«c*tr ft*tt»ttK txfji/^SCtli 

c > > jitaccScjeccttft 3 « ft c ^ ^biicc a ft & ^ $ m 

[ 0 0 l 4 ] H7^7nL//Ccfc^a2WU>X«:ffl 

i»fc*»^vFtrtt, **iE»«»«:3*airft»2ou 

>Xl 0 2*^{4oJtgiUrt>ft^, CCDS2CDU> 

xi 0 2*36*^«(*«ca^tyTo*^fect5a4# 

CC, SI OU>Xl 0 l iS2(DU>Xl 0 2£CDffigt 

*«A*<X»i/t:i/*c^ cn^cou>xpB^sBSt^j5SW 

cc«oci**»UC»ic^raHfc*ft. S2CDU 
> X l 0 2 ***E»«*«:«^ l/tO*->fcJ:9fti 
*CC, »2©U>X1 0 2*KffinItt«C3£»l/-C^4IB 

UMt MM uri/*9ct9tt»nfe*ft. 
[ o o l 5 ] tLb<D<t ^ ttnttcca^r** 

ft*tflfU>x*lBttr*u>XKlMSBil/r. 2«fcu 



[0016] 

^*4u>x*ig«iT£u>xij8t&iSHT*<). ±§a 10 

^2©igab^®i. ±te:0^6©** 5 A!W-f sifn© 

strain 2 ©u>x<t cc-c, m2<om^ 
mt. ijaiff i ©im&#«©*j»»«:bw ftw ent« 

9ttW6ft-C&<3. f82©U>X«. JzlBlff 1 ©|g«J# 
|3(DnJttlg|5tClX0«W6tX-C%^). 20 
[0017] CCDU^XIgtb^STtJ. 1tmi)->h<Dyt* 

WH*K©"HMWcBt 0 ttW 6 ftfcSS 2 © U >XRc>'IS 
2CDig«j#|a. MCfCCa»»2 ©W»*8©iiJtt*MClK 

rit35!r-6^fSl{c|g«if SC-t^TS. c nit J: 9. h 

c©u>xntbKBf«. m2<D%m^&. 30 

Kiot, Sl©U>X*^4*|6]iClEtb-rSC<!:*it? 

[0 0 1 8] iiBU^XHtt^afcfc^-c, 1ES1C0 
U^X^rftft^KAZ^cW^SbSttSi ifetC. ± 
i23fT 2 © U > X*#*#|6HC A Z , /c W &ftb 3 fc <!; i* 
©. ^l©U>XScy : m2cr)U>XSCior*7lL$<l/c 
^«L*<ag©*£i&3AZ£. «a%ffl^t. 
AZ = (AZ,+ a- AZ,)/(l+«) 

M&icmQtttthtitcmtvn&mtt* ±fesis2©ig 40 

[0019] *fc. ±IBU>X|gJljggKfc^r. ±IB 
I&2 ©&«&#©«:. #8i:fr|6]K:*5W£±T«# 
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[0 02 0] fcfcWKflSSafi*^ v F«. 

X|glb*8tC J: T|g«j 3 ft £ U > XCC J; -? TTfe^ieii 
&f*©{f ^fSli®±(cm5t 5 txfcTfc^KTfc^i 2S*aSf* 

©££<**£„ ^or. ±Eu>xiKib8«tt. ±te# 
2<D<mi^mt. ±.tzftMfrt><D3t&\m-rz>m 1 ©u 

T*m2©U->X<!;£«**. CCT. *2©IEtt^gt 

5*. ±fsnf i ©5g«j^ia©^iatigctcax o ft w 6*i-c«c 
o> mi©u>xii. ±iE*2©re«i*a©BWifflK» 
oft^6nr^*3. ^2©u>xu, iszmwmsb^ 
a©Bi«i»«c9i*)#we»*i-c«c4. 

[0 02 1 ] C<D%^-j F-Ctt. *®*>6©^*^ 1 
©u>X«cj:oT«jtei;/ta. Jlicm2©b>XtcJ:-, 

-c** u fc±t? . *^iaiij«(*©ff mmm icmait 

-5. C©i#. ^I©|g«j#l2tcj:-p-c. ^&ISl©ig 
f&^©© oJSilgPCClX^ ftW 6*a/c^2 © U > XSO'I^ 2 
©flUMNS. ^o'fc^^2©|gSij#S:©olS&a5^ , 3 
ftwe.*a/c^i©u>X4 > *H*iftiX»***cc»ur 

y + >y-9--^SC^7*-*X-9--^^f 5Cim 
6„ £/c. C©W>X|BSb^S-C«. ^2©Hffij#l3ic: 
i-^r. Jdi©i/>x**#*i^(c(g«rJ**ci*J-c 

[0 02 2] ±E36*^f FfC*j(,^-C. ±SEW 1 ©U> 
X^r^W^iCAZa^cW^tt^Hi^iifetC. ±iem 
2© U>X^tt^rS](CA Z, ^W»tt3tt /ci #©. 
^ 1 © U > XRO'^ 2 © U > XtC ct o r m% 3 tltcftO 

AZ = (AZ, + a- AZ,) / 

L/c 4 # . ±ffi^ 1 ©igtt^S©oJttSR;Rc>'i!if£oJ 

-#X-tf-rK£ffoft:<i*© : *--7'>; 1 '- X«H4*irSJ± 

[002 3] S/c. -hi27&^ » KfCfcOT. ±IS^2 
©IEtf)^©;«. 3t«l^(S]iC*JW^±T^^^n 
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7 

GjK:*sW4»i>tt. a«fpi*»o±ia*3£»-i-*W1±S: 
<wi^ffi^fcw***ifi»4 stress c u 

[0024] 

[002 5 ] #*W*jBffl0AiU>XI8i6i6!lO— «ISc 
WCOC>T, *©fi»*H 1 CCthT. C<DU>Xfg«!}3£ 10 

<*2<D«-^isi§ffi2 a ±K5fce- assist s*m»u> 

[002 6] C©U>X«Ibi6Bl«:> *t«IU>XiU 

U>X3tC<t^rH^:^n/c3t:^A«T^m2<DU>X 
4££ffl*Tl,>£o CCt 4 #l<DU>X3tt. #3*12 
||W#2*6Jll^CCfi«T*U>Xr*0. WTcDIft 20 
WTtt, 7C^U>X3if*T & e ff!2<DU>X4 

[0 0 2 7 ] C<Dcfc5K, *t#3U>X£, tc5U>X3 
aofjfeiU>X4^6«c4 2»pU>XtrSCiCCJ: 
0, 2fflfU>X;£{*4GT, *©9BP»NA«r**<T 
*Ci*«Jtttft*. *<*W«ctt, C0J:9tt2»U> 
XTtt. &UP&NA£0. 8tt±4-r*c4fc. tb«W 

[0 02 8 ] C©U>X«l«Bltt. tu3EU>X3S 30 

4»%U>X43fe«ItC»UrttXT4^fS] (tTF, 

[0 02 9 ] *»W*aWUfcU>XIB«i»Bl CC*C» 
7c3EU>X3aV5fe5U>X4^6&S3t*«JU>X 

3 nr c> *a * (D^-eo * * ffiffi differ * £ . 

Wc^ot, *©#lfflft»SBtt*«*U CCW tc3E 
U>X3atf5^U>X4fr6tta*f ! »t'>X*:7 * - 

[0 030 ] Hltc^l/fctWCCfeCit:. tc3EU>X3S 50 
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8 

^3EU>X4^6ttS*f ! BJU>XS:'7*-^X^lp]tc 
*IMftffT4«!&tt. C<&U>XBtt«B 1 CD»^6tC 
K»5«W6*ifc3-^aa f ^y*f F74, *'fc:'>8 

[0 0 3 1 ] #tf>8tt. 2Miy 5*7 ^ 

ii/>x4 <d*hb»* «K£ U r X3£J*» 8 

C(D#tf>8©U>X3a#»8 aCcK^3h«*Stir 

>8©3-fWMW8 b©J*«BK*tt3*vC<r»*. 
[0 0 3 2 ] C<Z>#tr>8tt* 3-f;l/«3g»8bCC*S6 

stifc7#-*x*-#ffl3-/ju93W3-^a^y* 

i43tJ#»Wl0a. 10b, 10 c, 1 0 d CC<fc otj 

*h*hW«da#«t*i oa. iob. ioc. iod 

0 a, 10b, 10 c, 1 0 d©ffe48a*U>Xffitt«B 

ttlOa, 10b, 10c, lOdlt £«ttt4*^fiS 
«B**I4»* 6 ft 4 <* QJta * 6 ft *K C ft 6 
©HH4»#«»* 1 0 a . 10 b, 10 c. lOdKJ: 

*iby8tt^#-*^*raiacf 

[0 0 3 3 ] C(DU>X|g«j^gl"Cii, 
y*v h7*60Blll#iK^>8©*a*|flJ«C*D-Clr» 

^-^=3-Y;l/9 3&««SS3*iA:#^>8«:»L/-C. 7* 

x^-#ffl=i W cciftr«ifc**J®TS c 4 tc <t »3 , 
#^>8k:W0«W6hfc*t«u>^*^ *-*7X#rfii 

4, 

[00341 W, BMB*«BUfc*«. h^»*>y* 
-aWCOOTi. KHra*tt««fCJ:"5ffto*l4. F7 

- ^ffl 3 ^ liSI: ^> C i i 0, 
[0 0 3 5 ] ^U-C, *»W*il*fflOft:U>X|g«iSSB 

rft<, jgoc, ^S2f6r ^^^x-^5 0piiia5r*> 
4^'tr>8CC, ^-<^r3^;^-^l l«0iW6n 

c(D*^^n^;u^e-^ i i«. ±i22Wr^ 



(6) 



tf>13i, S»#tf>l 3«c«»Stite*BDiR«*liE 

[0 03 6] #fcT> 1 3B, COWXa^W-^l 

>13tt U>X 3 UTfi^TSU 
>X£#SP 13ai. S^ffiiRMffliEffl 3^14 *•« 
3ti*3-f;WME»l 3bi*WUTt»4. ^lt, tu id 
Il/>X3«, C<D^> 1 3CDU>X^:f#gPl 3 a K 

14(1 C<D#£> 1 3©3-r;U«»SRl 3 b(D9\-mm 

[00 3 7] C(D*^^3^;^-^1 lWt 

M 2 fcBfje©ffi«t*^l/rS*rtir*J:9CC. 4o 
<D$tt£f$SP» 1 5 a . 15 b, 15 c. 15dtt<£o 

rsa*3tirir»«. r<c*>*, 3©pib©±t 20 

«8tC, *ft*hWte3aWM* 15a, 15b, 15c. 
gp#15a, 15b, 15c, 1 5 dOflMSW*. _bK2 

H7^^jlx-^5 q# tr > 8 cDrtH^cK o tttt 6nr 

CCr. WtBWWBtl 5a. 15 b. 15 c. 
15dtt. ^*m^^fll«18»»^6tt4tR^*<0 
*n*«W*6ttO. Cti6©Wtt3a*»Hl 5a. 15 
b, 15c, 1 5dfcJ:»K atf-fxa-O^-* 1 1© 

[0 0 3 8] CCt\ 1 lOoJttSB 

Cc*$W4S'i>B> ^Ig^xrWA^-^ 1 lcDoIttSP 
-C*>£tft:>l 3©±*«:«i0ftW6*ift:WttSa»»t* 
15a. 15ci, M*t'>13QT»cK^W6 
hfc»tt3fc««M* 1 5 b . 1 5 di07*-^^*ra]tc 
*jW4ifi^4 % ats— aurci*ci3Wff*bt>. CCD 

awcac 0 ttw hfc wtt© 7 * - * x «c * w ss<fr 

Wtt3a«M* 15a. 15c <h5*143£J#gPW 1 5 40 

b. 1 5 do^ *--^x*ifiitc*jt'j'4*^cc«a— as 
[0 03 9] ^or, ccdjK^ xa-f it"*-* i ir 

B, a-^S^y* 5r h 1 2 *i60W#t> 1 3 

h 1 2»6CDttff&©fM(CJ:0P-U>^AS£(;. 50 
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Sffl*m»iEffl:3-Ol,l 4aW»«S*lte#tr 
iKJ: 0, 1 3lcBX9ttW6ft/c7u5U 

[0 0 4 0] fcLb<D<fc3CC, C(DU>X|gS*£lg 1 », 

S[5«rfig^/c^lCD|gift^lS<bUT, 2**T**»x-* 
5£«;L£<t<fc4>K, |!§tt2tfT***x-*5©TiJIb 

^rfflA/c^2CD|gtt^S:4UT, 
l*«it-CC^i. ^lt k 2f*T 5 ©pJtt 

gP^3t5U>X4*^0f : t^6nrfc»9, 
^-£1 1 ©oJI&g|5CC7c5U>X3^K0ftl?6n'rC> 

So 

[0 04 1 ]tt*J* CCW 7*-^^SO'h7 

Silt, o-u>!V**fiJfflur|g«lrr&2l*T^* 

ttSffittW»«*«*./c»2<Dlltt*ia:iLr, o-u 
tc*cffe*i, »2coiB«>^ia:t>cncciR6nsfcco-cB 

[0 04 2 ] C<7)U>X«S«««l«:ffl^r. #3HB» 

linc^rf <£5K, U>Xig«j£IHl Sr. 5fc5EU>X4 
^^ta&«f* 2 ©«#K»ffi 2 a KWfirr S J: 9 
T£o *W^6©3ttr--A*7c3EU>X3(Dffll 

7c5U>X3CCJ:or«J63ti/ca. Sic5feiU>X4 

2 aCCAS^f-r^o 

[0 04 3] C©<t#, 7 #tt, :7*-;*7 

^x-^5c^^b*>8(caX0^^6n^C7ciU>X3S: 
0 i 5t5U>X4^6^€>»^U>X^:>'*--^X^«: 

•C, 2ttT^^^.x-^5O^^>8CClX0{^6tl/c 
7cSl/>X3aa f 5fe3EU>X43^6tt4*t«JU>X* h 

[oo4 4] mcc, #»iB*affio/cu>xre«&K«i 

-CB, 7*-^7X*r6j«:*5^-SU>X<D^lft^<!:U 
r, 2?AT ^^^.x-^5 W:cfcoT7t;3EU>X3 <h$ti 
1/>X4 i t i i6t»lli»ffT S Wttt < , *^TX 



(7) 
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n-Ol^-S* 1 1 CC c fcoT7CiU>X3£*£8bfS<'p-r& 
CtftTSZ. Tfet>%. >K>f Xa-OU*-* 1 1©& 

t-lyzHmc&Mmtt-rZcfr:* tc£U>X3 
<b5fciU>X4 £©RII©H§8IM{I:<*-I*£C £#*C*. 

cnwo, ^la^f* 2 0*^-^/7x2 boil* 

[0 045 3 -53f(C. *^*afflU3tU>X|gi6^g* 
W,.= { (n 1 - 1 ) /8n'] • 
±125$ ( 1 ) 7&>6^-*>4J:^«c. i^3ft£W 40 a s *flSE 

BBP*NA©4JllCCSikWr4©-C» 7fc^fE&$<* 2 © 
Cr, #2gr££^u/tU>Xlgf&gfI!l rtt. *f«b 

[0048] tjrf-#5X2 b<Dm&ft&5£B 

<fc«3J¥<. 02 (a) CC^Ti^friSffiiRMasiS^-f S 
<ht"4. £©££«. stf-fXra-f 'l/*-* 1 l(C<tot 
7ciU>X3*^tt^U-C, tc3EU>X3 £5fc£U> 
X4<b©RBra*^ll.£9 Or. 02 (b) ic^ 

■eft-eftoi^HfixM^mncfT^mo^^r, 

•a*. 02 (c) cc^-r^tt. «Hioa63fti»if^c<t 

[0 0 49] C<D£51C> *^-*7^2 b©Jl^M 

>X4 ©HlSifc^*. -5 C t CC «fc o TfiMS H± S C <!: #-C 

&*tTC**3. *f^^fflibtfe. S.M.Mansfield.W. 
R.Studenmund.C.S.Kino and K.Osato, Optics Lett. 18, 3 
05C1993)-CB^6AHC S ftri^. 
[0 050] &*J. C©i^CC7t;aEU>X3 

CtCCfcO, *^iB»«(*2<D*^-^7X2 b©i¥* 

X 3 *>5fe5 U > X 4 © WDKa&KitSHT * J* 

[005 1 ] o€f{C > feLhOJ: *> & U>X|gSfi^g 1 * 

^•«:ia*•3i^•c7*-*xt>•-^^f-^/ci;lr 
©*§£JtiK:-3i»T\ 03©J:5ft*^;u£(£oTMK:f¥iiffi 

tCi&BTf £. CCtB, #ffcB£©#$MttEft£7 

*-*X-^-!i<{Col>-C/cW^T€>Ai. C0m¥~-v 
Ktt. h9»*>yU"-jKMf9U ^IB^SS 
#2*>6til?BM^£f5£TSPsS«. 3fc^i£&Jl8<*2*>6 



* itc*5W4»H«aHlliE«*«:-3(,>riECCttW4-4. 

[0 04 6] rtftt^XOHnil-NAi. 56^iB»JSE{* 
20^<-*772 bCD^^tcto-C^af 
ifl*_g £©«!{£«:. W^OUXft*^*"*"**. ©*aTie^ 

( 1 ) (Dmicm-rcttt-CSZ. fc/ct/. n«*7'*- 
#5X2 bcDHflr^. AdB»^-!tf5^2b©»*R 

[0047] 

(NA) 4 • Ad •••(!) 

[0 05 2] C<D3fe^v K2 0«, ±5£©J:5ttU> 
XIElb^S 1 i . U>XgSttSlg 1 ©7c3EU>X3 CCfS] 
M-CU- Sf**ffi«f«*3jW*U— *2 1 i. ¥#<*U 
-If 2 1 iTciU^XSicDWCCieSft/cf-AX^'; 
•^22i, t-A^7'';^2 2tjiiW>X3tC> 

P^CieS Wc3 'J>-i»U>X23i. ^lasitfflSK* 2 
20 <Dmm&ffi2 & fr%<D&Q%&ft£.MM*fttcitx:m 
3tr-5*^U>X2 4<fc. **U>X2 4CC<torm7fe 
3nfc^^U«lttJ-r^^aiS2 5 

[0 05 3] -eL-C. ^z»{*U-1f2 la^fflWSftfc 

u— tf7t«. tr-Ax^u ? * 2 25rS3fiLr3 

*W>X2 3CCAW0, C©3yy-fU>X2 3iCj: 
itTtttiShfcit, p>Xfgli)^a 1 ©tc^u> 
X3tCA»fr2.. 7c3EU>X3{CA*fL-/cU— If^J. 
5c5U>X3CCj:-,rll^5ft/c^. IKMP>X4 
30 (Ciorm^Sft^Ji-C. **EI»a«c2©«#l^ffl 
2 alCAtfr*. 

[0 0 5 4] {f-^iaiSE2 aCCtoTKWSft-eKo-C 
'J^-$U>X2 3*/rL/-Cb*-Axy>J y $2 2^-A 

tr-Ax^y 5; 5*2 2tc«fco-cswsftr 4 **u 

>X2 4-izS^ft-5. fU, Jg#U>X2 4KA*f 
U>X2 4 CCcfc -q r^JR^SrH*-? 

j: ^ tc** § ft yt±-c**aia 2 5 «c A*f o . c cm& 

IJBS2 5 (C «fc-3-CS^Sft. *<0363SU66 J tftU , 3ti-5. 
40 CCT, *«iai t S2 5«. */SiR8aKJ;^t7*-* 
xx5-*t^ai-C#?>J:^tc. ^ffi*i4^-?l!l3ft-C*i 
D> S$*12 5A, 25B. 25C, 25D<-CA*fl/ 

fcR ») ft^ft^ta-r £ . 

[0 0 5 5] #*»WS2 5KJ:*ftW*S*tt. Hs«oa 
^7*-#X-y-!l<«#«l , i'|5I8g«:jlS6ftS. *L-C. 

>J<«^*»lBiaH»*. *^fiiS2 5tcJ:?, 
tftaigStcS-JCJ-C^iR^tc «fc 9 7 * -i3XV--tf 
mm&liSUst. 7C^U>X3SO , 5tiU>X4^6^c 

s*fia b > xk <fc o r mt $ ft it* tr — a (DM&ffisw 

50 S«:^l2l*{«{*2©ff^lBISffi2a±<!:> k «f^J;^«:2 



13 

^tlEfaffi2 a±4&£J: ; 5K, 5c^U>X3SO'5t5U 
[0 056] fit, CCW, WiOJ^&lftS**! 

B3«C7jvr<fc5K:. u>XK«Wglll©IB»»t^ 

♦ 31. 32i^5/*#»h33. 3 4 4*ffil»t j e 

^Mtbx^o rafo%. ice 

S3ftfc>**3 l»0*ifvf h 3 SKU^-T^rf* 
JUftU IQ4RK:. 2ttT^^*x-^5tCOt,iT«, U 

nw^>8i« ccer sn/cA'^ 3 2 &tf # * > * 
h 3 4&c£oT^7*;WI:T&,, 

[0 0 5 7 ]^lt, CCt«, 7cMU>X3*i8«ri- 
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[0 05 8] ^/c, 2iT^^ai-^5(D7*^^ 

8# 6 CC*f *T £ tc3E U > X 3 <7)^{4<£>fi£ u 1 4 "T 6 . 
6 tcfcrt- 55te5 U > X 4 €>^{iCDfi£ u , 4 T 

So 

[0059] CCicf, 2ttT^^^.x-^5tCKIL 

■c, ne^; (2) cc^-ratt^sa^SEOit^. 

[0 06 0] 
[ttl 3 



rri2 



d 2 m 
dt 2 



dua 



dt 



+c 



r_du2 dut \ 

Vdt dT/ 



+ k2U2+ki(u2-ui) = f 2 -(2) 



[006 1 ] S/c. sK-fXa-fA*-* 1 1 tcMOr. 

d 2 ui . „ ( dui dui 



[006 2] 
C*21 



rm- 



di a 



+ C 



( dm dua \ 



+ ki(u2-ui) = 0 "(3) 



[0063]* LT . JJBSC ( 2 ) SO'SS ( 3 ) 

9 s t\*>m&K. <£ o r^-r s# f , &c*t-r & . 

<o&ttL<D&&m$LT 1 &. -en-enne^ (4) ro'ss 
(5) K^-r«fc^ic»e»ns. 

[0064] 

T^u, (s) /f a (s) • • • (4) 

T, = u, (s) /f, (s) • • • (5) 



40 a£m>T*-f<b. TIB3S (6) Km*" <fc 5 fctfUPD© 
[0 06 53 



— 13. 7c3EU>X3©7*-*^*(fiI«:teW?.|C(aAZ* 

X= (AZ, + a • AZ,) / ( 1 +a> • • • (6) 
-tor. ±l£5£ (4) . 5$ (5) R0« (6) *><=>. A [0 06 6] 

*f ,K*fr*^#-*xx9-u^*x©e»aifcT, t, = x <■> /f. <s> • • • (?) 

*». T1S5S (7) CCiS-rJ:5«:»6ti*. so tt/t. ±EGilHttT,«cttffl*MI«'fe«flno-C s = 



(9) 



15 



[006 7 ] C<D<k f-iJXV-ifHD*-? 
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[0 0 6 8 ] 
[«1 ] 





QS4 


05 


06 


2«l7^ai->a)BJIljailttflI^ttRlBS 


0.5g 


19 


2g 


*M»fM-»<o«iife«Ptttfrciatt^jiH0 

lift 5 ft 1* 6JfifcM©lim ! 


0.25g 




250Hz 


2(*7»ol-^(0«*4i»ffl«lkfq2 


30Hz 




0.05 


2tt7#U-*DX**$ 2 


0.1 




4 



[006 9 ] ft*>\ *lCC5%Lfc«tt[*€i. €.»• * *teTi23; ( 8 ) "C*$n, 2ttT * 5<D«* 

n-ennK<o«s^» t £ tc * >j s 6 ti 20 * « , «te* < 9 ) r « s n * . 

H&ttCCte. lOflSfSx * [0 07 0 ] 

= Cl / {2 (m a ■ k») •••} • • • (8) 
••'} • • • (9) 

[0 0 7 4] tt*5, ±i£l//cU>X|g»££Sl CC*5l> 

"C, 2i(ir^*ai-*5©Di»Wffia s K:SBt5liWBcc 

ffi^W^n/cgW^ltm^^ 2N 

30 r***x-*5<D#tr>8. ^i*t'>8db>xj 
ffln^^9, aiS#tr>8ccas(0«c-te)nfc?K-<xn>r 

>1 3<DU>X^a#SBl 3 aCCK^^n/c7cEEU>X3 

o^sstcta^-r^o i(D 

,4tt. tf-f^n-fiU*-* 1 1 <DtfV> 1 3. SK* 
t'> 1 3<DU>X;£J$gpi 3 att{fc^3ft/cx;iU>X 
40 3, S^»#tr> 1 3©n-/^«S69Ul 3 b<DJ1-Hffl 

[0 07 5 ] Ufctf-jt. ±i$U/cU>XfE«j|£gir 
2l4T^^^x-^5CD^e>8. SB*t:>8C!) 
U>X^858atcK^Sn/c5t3EU>X4, SI£tf't:' 
> 8 CD=? -Y 8 b G>*ffflffl$C*»3 *ifa:7 * - tt 

*tf-*WS:a-f SR#t>8Cca«)«W6tifc# 
-fxa-f**-* 1 1, MMW^3>f^-^ 1 
10D^b^> 1 3(DU>X^Si51 3 a&cBr£3ftfc7ci 
50 U>X3CD3^Mfi<5:, siW 1 lCDtffcf> 



= c,/ (2 (m, ■ k 2 ) 
H4CDW"C«, m* = 0. 5g, m x = 0. 2 5gt*^ 
(DT. m,/nu = 2-C#>£„ Ufe^ot, m J /m l <a 
t*§. C<D£tte> H4lC7}VrJ:5CC, 2 0 0-3 0 
OHzWiStCfcl^, sP-fXrJ-OU*-* 1 lCDoIJEbSC 

*J- 1 8 0 d e g<fc9fcitArCl>£<CrC, 

[0 0 7 1 ] S/c, H50WCI3:. m, = 1 m, = 
0. 2 5 gr"C#>£<Dt\ m./m 1 = 4"C*5. l/k*^ 
m I /m,= a*C*>io COiSIt 0 5 CCtjVT <fc 5 

cc, ^X3>fw-^i iopjibgpa!{icDy-r 

[0 07 2 ] H60«rB, ro, = 2 m a - 

0. 2 5g-Cft^0r 4 m l /m l = 8"C*So L/c^o 

CC, 2 0 0^3 0 0HzWia^-C, 

1 1 OpI»a^{a<D{4«^- 1 8 0 d e gr<£ 0 
ft*, l/c^ot, y^XD^tttCio-C, ?*-;>7X 

*B1St£#- 1 8 0d e g J: *3 fcin5Ci*K<'Ci^ 



(10) 
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i 3, 3cDu>x3mas i 3 atctx^sn 

te7C^U>X3, acKS«#^> 1 3<D3^*#3S»1 
3 b (DJI-jgffitCSSS n/c^SiR^ffliEffl^ ^14© 

gfc a tH^c ft ^gWcDfiS^rS^-rn^J: 

■«UI©«iiE*«aI«i ft *o 
[0 0 7 6 ] ft*$, m J /m 1 <aCD4#^, Ssett^- 
#©)Htll4C4*«rjr4^ 047!>S06#>6fc?B6 

*l#14»5»ffK:ft£. 

[0 07 7 ] «±»tB«ca»WL//cJ:9CC, *^%asffl 

7X2 bCC/5#i^***-9te4 LXh, 7uiU>X3«fc 
563EU>X4i©IB©Bi*#^Xzi-/Jl/*-* 1 HC 
<fc9BBST£C4T, S»^-«7^2bO»*ISi 
ecjtBHT&»HiR««rfT%«rci*Jr*4. *te. t5 

te4b-C4>, tf-fXra-f^*-* 1 1 tCj:07c5U>X 
3 45fcSU>X4 4cDfyj0^itt£t^T£C 4CCJ: 9 , 

-en 6©»acciBH-r sawsiRft **t c 4 #r * 

Wc^ot, c©u>XKtfr««l*flIi>SC4«: 

[0 0 7 8] £te. **?B*afflbfcU>X||»*«l 
2l*T***x~*5©Wtt«CC5fcIU>X4* 
H^f£44fcK:, 2«TT **aX-*5<0^«>8WcBX 
Ofttf 6nfe#-f Xn-fJU-t-^ 1 HC7c3£U>X3* 

ir, 7ESU>X3 45fe3EU>X4<bOHI<08B«l«:SC{b 
31*4[*te£0'&iStt**7 ^-*Xlf-jK6C^S«5» 

/m 1 4a4*««— &3tt*c4teJ:*K 7t5U>X 
30^3»^*-*X1f-#^^4»a»**/hlR4"r 

fiB4ft*. 

[0079] s/c *«w*afflU3fcu>xig«isaBi 

IBEHI*SC<b3**J:5«:brCiS. COiVjc^-C 

«*K<bS**J:5«c*3S«:tb^r, u>XH8B«<D» 
8«cttfflt4#-fX3^;l/*-^l 1 

srrsc4#T?t*o 

[0 0 80] iw-jt, cou>xigtt«ai 

2ttr#**x-*5-tolWX:3-f;l^fc--* 1 lft£ft> 

6 ft &RttX<0Klf S daK#*iAT 4 4 1 > 5 fc * 
4. *te, ^^3>fW-^l 1cd^^£®<!2:S 

aft7#-*xi^#*>^ffe4ft4. arte, 86*tt. u 
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mzm< rsteAKtttttfcfl**^******^^^ 

©«6o*4«l;*.4C4**-C*4. 
[008 lKk. *#W*a«LteU>XIBIMSBl 
r«, M* U > X*^*iaMM* 2 tejij^ b te 

(E>ffi]-c*9> stf-fx:a-Oi/*-* l l (DnJf&aKcffiOft' 
6 *l/c7t;5 U > X 3 3Wt*EliJ«<* 2 K: 4 J: 5 

75"#- »ttu>x^**s2«a#2ccae«i/te4 
»u>x^3^E»*#2cc«^i/te4i/-cfc, *>rx 

l©pJIIMBK:K»)f ! tW6*ite5cEEU>X 
3 #%¥BINKf*2 CCWK"*"* J: 9 ft C 4 BftC»or, 

ttl5a. 15b, 15c, 1 5 dtC»%£St&fts*>*> 

6fti>„ uwot, ccDU>x|gib^g l J:0 

[0 0 8 2] 

[»«©»*] fiU:l«BCc*W0teJ:9«: % *^cci 
ft«, »«JU>X©HnttNA***<-rSC4^"C 

ScffiiDta*WA4C4^-C#, U^fe, J:0«iIS 
ogSK: :7*-*7X-*-#£tT j 5C4 ** nJttft U > X|g 
tb£K. ^^*©J:9ftu>XK**Bl*«IAte** 

[0B©fiMJiftitt9i] 

[si] **?B*affli/teu>xwft*aKos*iRfflia 

[02] SffiiRgffiiE©«^*^T«5^r*4. 

[S3] **M*afflote*^^ K**riar*4. 

[04] 2«liT^^AX-^<DoIBiSB*WC^KpIttSP 
[0 5] 2*&T ^^^x-^<DaIt6gP3£C>'tc^|gnJffija5 

[0 6] 2ttT^^^x-^(OpJttgP3EC>'CcaiSDltta5 
KttOttW 6*ite«SW©»«m, £2gr40/c4#4X 

[0 7] K**-riarA*. 

1 U>X|g86^a, 2 36^8B»a». 3 tcBE 
U>X, 4 5fe3EU>X, 5 2IAT^^^x- 

50 ii #>rx33>r;u^-^ 



(11) 



ftfflW-l 1 - 1 1 0 794 



[01] "82] 




[03] C^ 7 ] 




1 - 1 1 0 7 9 4 



CH84 ] 



m»=0.5g 
mi=0.2Sg 
f M =250Hz 
f M =30Hz 
fi =0.05 

as4 



-45 
-90 

-135 




-150 S 



-3&0 



10 



100 



IK 



10K 



1O0K 




(13) 



«FBB¥ 1 1 - 1 1 0 7 9 4 



[MB] 



ma=2fl 
mi=0^5g 
fd=250Hz 
f tt =30Hz 
t, =0.05 

-234 




0 




-45 




-90 




-155 








-180 










-225 




-270 




-315 




-360 





IK 

18388 [Hi] 



100K 
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